FRANK  J.  SEILER  RESEARCH  LABORATORY 


FJSRL  TECHNICAL  REPORT-76-0018 
NOVEMBER  1976 


THE  ELECTROLYTIC  REMOVAL  OF 

ALUMINUM  FROM  A TWO-PHASE 

ALUMINUM-TRIALUMINUM  NICKELIDE 
■MATRIX 

D D C 

PC 

NOV  16  1976 


PROJECT  2305 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED. 


AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STATES  AIR  FORCE 


NOTICE 


When  government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  connection  with  a definitely  related 
government  procureirent  cperation,  the  United  States  Government  thereby 
incurs  no  responsibility  nor  any  obligation  \^hatsoever;  and  the  fact  that 
the  government  may  have  formulated,  furnished,  or  in  any  way  sufplied  the 
said  drawings,  specifications,  or  other  data,  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  euiy  nenner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  rray  in  any  way  be 
related  thereto. 

Inquires  concerning  this  document  should  be  addressed  to  the  Frank 
J.  Seiler  Research  Laboratory  (FJSRL/NC) , U.S.  Air  Force  Academy,  Colorado 
80840.  Phone  - 303/472-2655. 


Copies  of  this  report  should  not  be  returned  unless  return  is 
required  by  security  considerations,  contractual  obligations,  or  notice 
on  a specific  document. 


Printed  in  the  United  States  of  America 
Available  from 

National  Technical  Information  Service 
U.S.  Department  of  COrmerce 
5285  Port  Royal  Road 
Springfield,  Virginia  22151 


Final  Technical  ^(epart, 

Jul»  1B75  »»»SeptliBter 


uxaAaaii'JED 

StCUPlTv  ^■»^tOS  O*  nttt* 


REPORT  DOCUMENTATION  PAGE 

^jS555<5^  'i  r.oVT  Accfssic»ri 

FJSRL-TR-76-001?  _i  'ADA 


The  Electrolytic  Removal  of  Aluminiun  From  a Two- 
Phase  Aluminum-Trialuminum  Nickelide  Matrix# 


I INSTRUCTIONS 

I 3KFGRI.  CGMIM-ETINO  FORM 

i OOVT  ACCfSSICN  ND.I/^O  cat. .00  NUM9EP 


Irotn  C'mtroWnfi  OHice) 

' 15.  security  Class,  (ot  fMs 

j UNCLASSIFIED 

‘ "is®.  DE*CL  ASSI  F!C  ATION  OOWnCPAOING 
1 SCHEDULE  1-  /A 

AEMT  ebalracl  anitrad  In  Block  20,  it  dlllorani  from  Report} 


'9  Supplementary  motes 


'9  KEY  WORDS  fContinue  on  raveree  erde  il  neceaeary  and  rdantUv  9y  block  number)  j 

) 

Aluminum  Anodization  I 

Trialuminum  Nickelide  j 

Molten  Salts  i 

Aluminum  Chloride  j 

STRAC^  'Continue  on  r»v^r^e  »id9  tl  nece^nan-  and  Identify  block  number)  j 

The  selective  electrolytic  removal  of  aluminum  from  a two-phase  matrix  of  I 
aluminum  containing  an  aligned  microstructure  of  a eutectic  alloy,  Al.Ni,  has  i 
been  demonstrated  feasible  in  aluminum  chloride  containing  molten  salts.  Both  j 
the  1:1  molar  ratio  aluminum  chloride-sodium  chloride  melt  at  175®C  and  the  2:1  j 
aluminum  chloride-l-ethylpyridinium  bromide  melt  at  ?3®C  were  found  suitable  for  ! 
this  separation.  The  anodic  decomposition  ootential  of  Al.Ni  in  these  melts  was  j 


DD  t JAN*73  1473  edition  OP  ' NOV  AS  IS  obsolete 


UNCLASSIFIED 

security  CLASr.lPlCATr.--  ■■  This  PAC.f:  flPh-n  Dale  Rniaredi 


UNCLASSIFIED 

SECUi<lT>  CL<kSi>lFlC<^T10N  OF  THIS  P*OE|Wb«n  D«l«  Enl^rmd) 

'i 

estimated  using  linear  sweep  voltammetry.  An  apparatus  of  novel  design  was 
used  to  pi-ovide  a continuously  flowing  electrolyte  stream  past  the  matrix 
sample  effecting  an  efficient  renioval  of  aluminum. 


UNCLASSIFIED 


SECU'^ITy  cl  A$Mf  ICATIOM  OF  THIS  B»AGF'lVh«n  Dt>f»  Ent9red) 


SRL-TR-76-0018 


TOE  ELBCTRDLVTIC  REMOVAL  CF  ALUMINUM  FROM  A 
TVJO-PHASE  ALUMINUM-TRIALUMINUM  NICKELIDE  MATRIX 


John  C.  Nardi 
Charles  L.  Hussey 
Lowell  A.  King 
John  K.  Erbacher 


TECHNICAL  REPORT  SRL-TR-76-0018 


NOVEMBER  1976 


Approved  for  public  release;  distribution  unlimited 


DIRECTOR  OF  CHEMICAL  SCIENCES 
FRANK  J.  SEILER  RESEARCH  LABORATORY 
AIR  FORCE  SYSTEMS  COMMAND 
U.S.  AIR  FORCE  ACADEMY,  COLORADO  80840 


FOREWDRD 


r 

i 


I 


I 


I 


This  report  was  prepared  by  the  Directorate  of  Chenucal  Science, 

Frank  J.  Seiler  Research  Laboratory,  United  States  Air  Force  Academy, 
Colorado.  The  work  was  initiated  under  Project.  No.  2303,  "Chemical 
Synthesis  and  Characterization,"  Task  No.  2303-F2,  "Physical  Chemistry 
and  Electrochemistry’,"  Work  Unit  No.  2303-F2-08,  "Aluminum  Matrix 
Separation." 

The  report  covers  work  conducted  from  July  1975  to  Septentoer  1976. 

The  authors  wish  to  acknowledge  the  financial  assistance  rendered 
by  the  Rome  Air  Development  Center,  Hansccm  Air  Force  Base,  Massachusetts. 


XI 


r 


FIGURES 


FIGURE 

PAGE 

Cyclic  Voltaimiogranis  of  the  2:1  AICI3-EPB  and  1:1 
AlCl3-NaCl  Melts  

. . 12 

2 

Three  Electrode  Cell  Used  for  Cyclic  Voltammetry, 
Linear  Sweep  Voltammetry,  and  Al-Al3Ni  Electrolysis 

. . 14 

3 

Centrifugally  Induced  Stirring  Device  

. . 16 

4 

Anodic  ri near  Sweep  Voltammograms  for  A1  and  Al3Ni 
Electrolysis  in  the  2:1  AICI3-EPB  Melt  at  23°C  . . • 

. . 18 

5 

Anodic  Linear  Sweep  Voltanmograms  for  A1  and  Al3Ni 
Electrolysis  in  the  1:1  AlCl3-NaCl  Melt  at  175°C  . . . 

. . 20 

6 

MicropdX)tograph  of  Al-AlgNi  Matrix  Rod  Prior  to 

. . 22 

7 

MicroT3hotX3graphs  of  Al— Al^Ni  Matrix  Pod  Surface 
After  Anodization  at  0.16  A/an^  in  a Stirred 
Solution  of  2:1  AICI3-EPB  at  23°C  

. . 24 

8 

Microphotograf^  of  Al-Al3Ni  Matrix  Rod  Surface 
After  Anodization  at  0.54  A/cm^  in  a Stirred 
solution  of  2:1  AICI3-EP3  at  23°C  

, . . 26 

9 

Micrc^^tograf«  of  Al-Al3Ni  Matoix  Rod  Surface 
After  Anodization  at  0.10  A/cm2  with  Centrifugally 
Ind\x:ed  Stirring  in  1:1  AlCl3~NaCl  at  175°C  . . . . . 

. . . 28 

10 

Micrc^^otograph  of  Al-AlsNi  Rod  Surface  After 
Anodization  Illustrating  Void  Introduced  into  Rod 
During  Growth  of  IVxd  Phase  Matrix  ....  

. . . 30 

3V 


J 


1 

lOTHXUCTION 

Ttie  growth  of  an  aligned  microstructure  of  a controlled  eutectic 
alloy  trialutninun  nickelide  (Al^Ni)  has  been  investigated  by  several 

workars  as  a means  of  providing  taosile  strength  enhemcement  in  aliminun  | 

I 

(1) . A pr2K:tical  method  of  producing  Al^Ni  vdiiskers  in  an  aluninun  natrix 
utilizes  a unidirectional  solidification  technique  (1-3) . Small  diameter  fibers 
ocnposed  of  Al^Ni  are  eilso  eaqjected  to  find  useful  ^jplication  in  indus- 
trial and  milit^u:y  microelectronics  if  they  can  be  removed  undamaged  from 
the  aliminun  matrix  in  v^ch  they  are  imbedded.  Investigators  of  the 
Rone  Air  Developinent  Center  (RADC) , Hansccm  AFB,  MA,  have  succeeded  in 
growing  Al^Ni  fiber  bundles  Icxvgitudinally  in  a rod  shaped  aluninun  matrix 
with  a process  whidi  shows  promise  for  industrial  pilot  plant  scale-up  (4) . 

Thus,  the  development  of  a practical  means  of  removing  and  separating 
aluninun  from  a two  f^iase  Al-Al^Ni  natrix  without  damage  to  the  Al^Ni 
fibers  promises  to  solve  a fundamental  problem  in  their  mass  production. 

Previous  attenpts  using  aqueous  electrolytes  or  acid  etches  for 
removing  or  dissolving  aluninun  from  cin  Al-Al^Ni  matrix  have  almost 
always  been  acconpanied  by  gas  evolution  resulting  in  "birdsnesting"  of 
the  fiber  bundles  cis  they  are  e:qxjsed  (4) . Another  problem  reported  to 
be  encountered  with  ctqueous  acid  etches  is  low  selectivity  of  attack; 
i.e. , the  Al^Ni  fibers  are  dissolved  as  well  as  the  bulk  aluminum  (4) . 

An  electrolyte  that  would  sustain  aluminum  electrolysis  without  gas 
evolution  while  permitting  selective  attack  on  the  bulk  aluminum  phase 
would  be  a potentiad  way  to  circumvent  these  problems. 

Aluninun  has  been  anodized  in  aprotic  media  (5,6) , but 
generally  the  rate  of  removal  of  cLLuminun  is  limited  by  the  lew 
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elcjctrical  conductivity  of  these  inedia.  Application  of  raolten  salt 
media,  particularly  those  ocxitaining  aluminum  chloride,  to  the  anodiza- 
tion of  aliminum  has  been  denonstrated  in  both  alkali  chloride  - aluminum 
chloride  (7,8)  and  organic  salt  - aluminum  chloride  (9,10)  mixtinres. 
Separation  procedures  using  these  types  of  mterials  provide  a nuntier  of 
advantages  over  the  use  of  other  electrolytes.  Foremost,  the  methcxl  is 
electrolytic  in  nature,  and  thexefore  provides  a great  deal  of  control 
in  the  attack.  Secondly,  the  process  results  in  formation  of  an  additional 
amoijnt  of  one  of  the  cxirponents  of  the  electrolyte,  a chloroaluminate  ion: 

4C1~  + A1 » AICI4"  + 3e"  [1] 

This  process  is  not  acoenpanied  by  gas  evolution  provided  the  electrode 
is  not  made  so  anodic  as  bo  decenpose  the  melt.  Finally,  because  the 
electrolyte  used  is  a molten  salt,  the  conductivity  is  high,  allowing  a 
rapid  removal  of  material. 

King,  Brewn,  and  Frayer  (7)  shewed  that  the  anodic  dissolution  of 
aluminun  procreeds  at  100%  efficiencry  at  175°C  in  a 2:3  molar  ratio 
NaCl-AlCl3  melt  over  the  (current  range  63-500  mA/cen^.  Recently,  Gale 
and  Osteryoung  (8)  found  similar  results  in  a 1:1  NaCl-AlCl3  melt  over 
the  cxirrent  range  0.03-6.30  mA/cm^  at  175°C.  Anodization  of  aluminum  in 
an  organic  containing  roexn  tenperature  molten  salt  su<ch  as  2:1  AICI3-I- 
ethylpyridinium  bromide  was  also  reported  to  oexur  with  100%  (current 
efficiency  (10) . 

This  investigation  was  undertaken  bo  examine  the  pracrticability  of 
using  these  types  of  electrolytes  to  remove  the  bulk  aluminum  frexn  a 
two  phcise  Al-Al3Ni  matrix. 
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EXPERIMENTAL, 

All  experiments  were  cxjnducted  in  a glove  box  (Vacuunv'Atmosphere 
Co. , Nkxiel  HE  43-6  DRI-LAB) . The  moisture  content  was  maintained  below 
10  ppn;  the  oxygen  concentration  was  determined  to  be  between  10  and  25 
ppm  as  measured  with  a calibrated  light  bulb  (11) . 

1-ethyl  pyridinium  bremide  (EPB)  was  prepared  by  refluxing  ethyl 
bromide  (Baker  A.R.  Grade)  with  10%  excess  pyridine  (Baker  A.R.  Grade) 
in  acetone  (Eastman)  as  the  solvent  for  5-6  hours.  The  resulting  white 
hygroscopic  crystals  were  suction  dried,  washesd  with  anhydrous  diethyl 
ether  (Baker  A.R.  Grade)  and  vacuum  dried  at  34°C  overnight.  After  drying, 
the  salt  was  transferred  to  a stoppered  storage  bottle  in  the  glove  box. 
The  melting  point  of  the  dried  EIPB  was  121°C  and  ccnpcured  favorably  with 
the  literature  (12). 

A 2:1  molar  ratio  room  terperature  melt  of  AlCl^-E^B  was  prepared  by 
adding  aluninim  chloride  (El'ika,  A.G.,  iron  free)  to  the  EPB.  Consider- 
able evolutic^  of  heat  acccrfjanies  the  addition  and  precautions  should  be 
taken  to  keep  the  tenperatures  of  the  mixture  below  50 °C;  otherwise,  seme 
EIPB  may  deoctrpose  during  the  addition  resulting  in  a mixture  vdiich  is 
difficult  to  purify.  All  glassware  containing  this  melt  was  painted 
black  since  experience  in  this  ladx>ratory  and  that  of  other  workers  (13) 
indicates  that  the  matericil  is  photosensitive.  A melt  of  1:1  molar  ratio 
AlCl3-NaCl  was  prepared  by  fusing  the  correct  amounts  of  aliminum  chloride 
and  sodion  chloride  (Baker,  A.R.  Grade)  at  175’’C  in  the  glove  box. 

Both  of  the  nelts  were  purified  utilizing  a constant  current  elec- 
trolysis procedure  (14) . After  approximately  10  days  of  electrolysis  both 
melts  were  clear  and  water-like.  They  exhibited  no  peaks  with  cyclic 
voltanmetry  at  a glassy  carbon  electrode  (Ficnare  1) . 
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Constant  currant  and  controlled  {»tential  electrolysis  were  accom- 
plished with  a potentiostat/galvanostat  (Priix:eton  Applied  Research 
Corp,  Model  173)  . A voltage  prograitrner  (Princc^ton  Applied  Research  Corp, 

Model  175)  was  coupled  to  the  potentiostat/galvanostat  for  linear  sweep 
vDltairriPtry, 

Sanples  of  the  Al-Al3Ni  matrix  were  obv^ined  frori  RADC  as  1.25  inch 
by  0.125  inch  diameter  rods.  In  addition,  a pure  samf>le  of  Al3Ni  alloy 
was  furnished  which  had  been  produced  by  fusing  stoichiometric  quantities 
of  aluminum  and  nickel.  Electrodes  were  fashioned  from  the  sairples  by 
wrapping  alumin'um  wire  around  the  ends  of  the  specimens  that  were  not  j 

inmersed  in  the  melt  to  provide  electrical  contact.  The  irmersed  area  of 
the  particular  Al-AlqNi  specimen  under  investigation  was  neasured  geometri- 
cally. The  Al3Ni  electrode  was  quite  porous,  and  only  an  approximate 
geometrical  area,  1 cm'^,  could  be  measured. 

In  a typical  electrolysis  experiment  the  Al-Al3Ni  matrix  rod  or  a 
piece  of  Al3Ni  was  used  as  a working  electrode  in  a three  electrode  cell 
(Figure  2) . The  cell  was  constructed  of  Pyrex.  Cell  terrperature  for 
experiments  with  the  1:1  AlClg-NaCl  nelt  was  neintained  to  i0.5'’C  by 
means  of  a platinum  resistance  controlled  fvtmace.  The  countex'  electrode 
was  a cup  shaped  piece  of  aluminum  foil  (Research  Qrganic/Inorganic  Co. , 
m5n  purity) , while  the  reference  electrode  was'  a spiral  aluminum  wire 
(Alfa-Ventrcxi,  m5n  purity)  isolated  from  the  melt  by  a 10  nm  fine  porosity 
Pyrex  frit.  All  potentials  described  during  this  Investigation  were 
measured  against  this  electrode,  i.e. , the  Al(III)/Al  couple. 

For  experiments  req\.iiring  a flowing  electrolyte  stream,  a centri- 
fugally  induced  oonventive  stirrer  (Figure  3)  was  constructed.  When  this 


4 


i 


device  was  turned  with  an  electrode  rotator  (Pine  Instrument  Co. , ASR-2) 
at  speeds  above  50  RPM,  a flowing  electrolyte  stream  was  present  at  the 
electrode  suspended  in  the  center  of  the  stirrer. 


RESULTS  AND  DISCUSSION 


In  order  tx)  determine  the  ^>proximate  potential  range  in  which 
aluminum  could  be  removed  by  electrolysis  without  appreciable  damage  to 
the  trialuirLmm  nickelide  filaments,  current-potential  curves  for  the 
anodization  of  aluminum  and  trialuminum  nickelide  were  constructed  using 
linear  sweep  voltanmetry.  The  working  electrode  was  either  pure  aluminvm 
wire  or  Al3Ni,  respectively.  The  potential  of  the  working  electrode  was 
varied  linearly  from  a potential  of  O.OV  vs.  A1(I1I)/A1  to  the  anodic 
limit  of  the  melt  under  consideration.  In  the  1:1  AlCl3-NaCl  irelt  at 
175°C  the  practical  limit  is  about  2.2V  anodic  of  the  aluminum  reference 
electrode  and  represents  the  oxidation  of  chloride  to  chlorine  (14) . The 
useful  limit  of  the  2:1  AICI3-EPB  nelt  is  about  1.75V  (Figure  1)  and 
pmhahly  represents  the  oxidation  of  brcmide  to  bromine.  The  potential 
at  which  attack  on  the  Al3Ni  occurs  in  2:1  AICI3-EPB  is  about  l.OV 
(Figure  4)  at  the  20  mV/sec  sweep  rate  used  for  these  studies. 

The  voltaitmogram  for  aluminum  anodization  in  the  2:1  AICI3-EPB  melt 
(Figure  4)  exhibits  an  interesting  feature.  The  shape  of  the  current- 
voltage  curve  suggests  formation  of  a peissivating  layer  of  aluminum 
chloride.  Similar  behavior  has  been  obtained  in  other  aluminum  chloride 
rich  melts  (7,15).  This  feature  was  not  observed  for  the  1:1  AlCl3-NaCl 
mslt  (Figure  5)  during  the  time  span  of  the  voltanrngram.  Two  factors 
may  have  contributed  to  the  absence  of  passivation  in  the  latter  case. 
First,  the  melt  is  able  to  solvate  afproximately  an  additional  mole  of 
al'jminum  chloride  per  mole  of  electrolyte  before  forming  a solid  aluminum 
chloride  layer.  Second,  thermal  convection  currents  in  the  heated  melt 
prevented  formation  of  a sodium  ion  depleted  diffusion  layer.  Therefore, 
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passivation  behavior  c.m  be  alleviated  scmesdiat  by  using  some  type  of 
forced  convection.  A special  stirrer  (Figure  3)  was  constructed  in  order 
to  provide  uniform  forced  convection.  An  experiment  with  this  devdce 
is  described  belcw.  Such  a stirrer  should  provide  other  advantages  as 
well;  for  exanple,  a nore  ccnplete  stripping  of  aluminum  frcm  the 
interior  of  the  exposed  filament  bundle  as  a result  of  the  flowing 
electrolyte  stream. 

The  relative  amounts  of  material  that  can  be  removed  anodically  frcm 
an  aluminum  specimen  in  the  two  melts  examined  in  this  study  can  be 
judged  by  conparison  of  the  linear  sweep  voltaimiograras  at  a given 
potential  (Figures  4 and  5).  At  0.8V  A1(III)/A1  the  current  at  an 
aluminum  wire  electrode  in  the  1:1  AlCl3~NaCl  melt  was  about  20  times 
that  of  a similar  electrode  in  the  2:1  AICI3-EPB  melt.  Since  the  quantity 
of  material  that  can  be  reno\^ed  anodically  is  governed  by  Faraday's  law, 
the  weight  in  grams  of  aluminum,  W,  that  can  be  removed  by  electrolysis 
in  t seconds  at  a current  of  i amperes  is: 

W = 9.33  X 10"5  it  [2] 

For  a typical  specimen  of  1.28  g containing  20  wt-%  Al3Ni  as  the  rod 
phcise,  an  electrolysis  time  of  15  hours  in  the  1:1  AlCl3-NaCl  melt  and 
336  ho\ars  in  the  2:1  AICI3-EPB  melt  would  be  required  to  remove  all  bulk 
aluminun.  These  times  were  calculated  for  an  unstirred  solution  assuming 
that  the  limiting  current  at  the  electrode  is  that  reflected  at  0.8V  vs. 
A1(III)/A1  frcm  the  linear  sweep  voltanmograms.  The  values  calculated 
represent  an  upper  bound  in  time  since  stirring  increases  the  current 
density.  For  example,  Holleck  and  Giner  (14)  observed  that  the  anodic 
current  increased  linearly  with  the  square  root  of  the  rotation  rate  at 
a rotating  aluminum  electrode.  Their  study  was  an  example  of  ideal  forced 
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convexTtion  and  such  efficiency  was  not  realized  with  the  apparatus  used 
in  the  present  work. 

Preliminary  electrolysis  experiments  were  accottplished  in  the  2:1 
AICI3-EPB  melt  by  anodizing  the  Al-AlsNi  matrix  working  electrode  vAiile 
stirring  with  a propeller.  Portions  of  the  rod  which  were  not  desired 
to  be  anodized  were  coated  with  heat  shrinkable  Teflon*  tubing.  A micro- 
I^TOtograph  of  an  unpolished  Al-Al3Ni  matrix  specimen  prior  to  electrolysis 
(Figure  6)  shows  no  evidence  of  exposed  Al3Ni  vduskers.  The  same  specimen 
was  subjected  to  anodization  by  constant  current  at  0.16  A/cm^  in  a 
stirred  solution  of  2:1  AICI3-EPB,  removed  and  washed  successively  with 
dimethylsulf oxide/  distilled  water,  and  acetone.  Microphotographs 
(Figure  7)  revealed  that  bulk  aluminum  had  been  removed  frcrti  the  surface 
of  the  spDecimen  curvd  expxased  Al3Ni  whiskers  were  present.  Visual  inspec- 
tion revealed  no  discernible  damage  to  the  fibers.  During  electrolysis 
the  potential  of  the  Al-AlgNi  electrode  rose  to  O.IV  vs.  Al(III)/Al.  An 
experiment  at  0.54  A/cm^  with  0.22V  polarization  produced  the  same  result 
(Figure  8) . At  this  current  density  the  cell  potential  exceeded  3V  vs. 
A(III)/A1  vhen  stirring  had  been  discontinued. 

Al-AlgNi  electrolysis  was  acconplished  in  the  1:1  AlCl3-NaCl  melt 
in  a manner  similar  to  the  procedure  used  for  the  2:1  AICI3-EPB  melt. 
Electrolysis  at  a current  density  of  0.180  A/an^  in  an  unstirred  solution 
resulted  in  a polarization  of  0.3V  vs.  the  A1(III)/A1  couple.  Micro- 
pihotographs  revealed  essentially  the  same  result  as  that  obtained 
previously,  except  that  electrolysis  was  much  faster  and  no  stirring 
was  required  to  offset  passivation. 

♦Registered  Trademark 
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Ttie  centrifugally  induced  stirrer  (Figure  3)  containing  cin  Al-Al3Ni 
rod  was  rotated  at  about  160  RPM  during  passage  of  a 0.10  A/on^  current. 

An  apparent  resistance  polarization  of  0.5V  was  noted  indicating  that 
the  device  had  caused  moderate  shielding  of  the  Al-Al3Ni  electrode  within. 
Microphotographs  (Figure  9)  of  a portion  of  the  matrix  sample  after 
electrolysis  showed  that  even  removal  of  bulk  aluminum  from  the  specimen 
had  taken  place.  At  the  outset  of  this  experiment  remo\'al  of  the  entire 
bulk  aluminum  phase  was  intended  using  this  device.  However,  this  coiald 
not  be  realized  because  the  specimen  rod  was  permeated  with  numerous  voids 
(Figure  10)  throughout  the  length  of  the  specimen.  These  voids  would  not 
allow  a fiber  bundle  to  be  formed  for  as  the  fibers  were  exposed  they 
became  detached  from  the  rod  and  were  deposited  in  the  bottom  of  the  cell. 
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CONOJUSION 


The  electrolytic  renoval  of  alxaninum  fran  a two  phase  matrix  of 
aluminim  ocaitaining  trialuninxm  nickelide  whiskers  has  been  deironstrated 
in  two  different  molten  salt  electrolytes.  Both  electrolytes  were  shown 
to  possess  certain  advantages  and  disadvantages.  The  2:1  aluminum 
chloride-l-ethyl-pyridinium  brcmide  melt  was  easiest  to  use  since  it 

could  be  prepared  and  maintained  at  roan  terperature.  However,  this  j 

melt  suffered  fran  severe  passivation  during  anodization,  i.e. , the  high  | 

aluminum  chloride  content  did  not  allow  efficient  solvation  of  additional  ; 

i 

aluminum  chloride  produced  during  anodization.  In  contrast,  the  inor-  , 

ganic  melt,  1:1  aluminum  chloride-sodium  chloride,  detnonstrated  no 

passivation  in  the  current  ranges  examined  in  this  study.  This  was 

attributed  to  the  ability  of  1 mole  of  1:1  AlCl^-NaCl  to  solvate  alnost 

an  additional  mole  of  aluminxjm  chloride.  Unfortunately,  this  electrolyte 

was  more  difficult  to  use  because  it  must  be  maintained  at  teirperatures 

above  its  freezing  point  of  160°C. 

A forced  convection  stirring  device  constructed  for  this  investiga- 
tion has  been  shown  to  be  practical  for  ooiplete  removal  of  ciluminum 
from  a two  phase  specimen.  However,  this  could  not  be  danonstrated  un- 
antoiguously  because  of  imperfections  present  in  the  sarrples  tested. 
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Figure  1.  Cyclic  voltaniitxnrarns  of  the  2:1  AlCl^-EPB 
inelt.  A,  and  the  1:1  NaCl-AlCl^  nelt,2B,  af  a 
glassy  carbon  electrode  (A  = 0.215  an  ) , sweep 
rate  = 100  mV/sec. 
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Figure  2,  Three  electrode  cell  used  for  cyclic 
voltarmetry,  linear  sweep  voltarretry^  and 
Al-Al^Ni  electrolysis  experiments. 

A - Counter  electrode 

B - Working  electrode  (Al-Al^Ni  matrix  rod  depicted) 
C - Reference  electrode 
D - Pyrex  glass  cell 
E - Aluminum  cup  with  Teflon  top 
F - Cartridge  heater 
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Figure  3.  Centrifugally  induced  stirring  device, 
(Illustration  approximately  actual  size. ) 

A - Aluminum  chuck  attached  to  collet  of  electrode 
rotator  and  to  which  glass  stirrer  was  cemented 

B - Hole  for  electrical  lead  through 

C - Imnersion  level 

D - Glass  bulb  blown  in  7 im  O.D.  Pyrex  t\±«ing  and 
perforated  with  3 nm  holes 

E - Arrows  indicate  electrolyte  flow  when  device 
is  rotated 
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Figure  4.  Anodic  linear  sweep  voltarrcnDgrams  for  Al 

and  Al3Ni  electrolysis  in  the  2:1  AICI3-EP3  melt 
at  23°C 

2, 

Pure  Aluminum  Wire  (A  = ''d  on  ) 

2 

Trialuminum  Nickelide  Ingot  (A  = '■■'1  cm  ) 

2 

Glassy  Carbon  Electrode  (A  = 0.215  cm  ) 
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Figure  5.  Anodic  linear  sweep  voltanmograins  for  Al 
and  Al3Ni  electxolysis  in  the  1:1  AlCl3-NaCl 
melt  at  175°C 
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Pure  Al  wire  (A  = "-1  an  ) 
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AI3N1  ingot  (A  = 'V/l  cm  ) 
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Glcissy  carbon  electrode  (A  = 0.215  an  ) 
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Figure  6.  Microphotograph  of  Al-Al3Ni  mtrix 
rod  prior  to  electrolysis  (X350) 
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Figiire  7.  MicroErfiotographs  of  Al-Al^Ni  matrix  rod 
surface  cifter  anodization  at  0.16  A/an^  in  a 
stirred  solution  of  2:1  AICI3-EPB  at  23°C 


A X740 
B X1860 
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Figure  8.  Microphotograph  of  Al-Al3Ni  matrix  rod 
surface  after  anodization  at  0.54  A/can^  in  a 
stirred  solution  of  2:1  AICI3-EPB  at  23°C 
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Figure  9.  Microphotograph  of  Al-Al3Ni  matrix  rod 
surface  after  anodization  at  0.10  A/cm^  vath 
centrifugally  induced  stirring  in  1:1  NaCl- 
AICI3  175°C 
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Figure  10.  Microphotograph  of  Al-Al3Ni  rod  surface 
after  anodization  illustrating  void  introduced 
into  rod  during  growth  of  two  phase  natrix 
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